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(57) A composition comprises N.meningitidis outer 
membrane vesicles enriched with antigenic compo- 
nents. The composition is suitable for use in vaccines 
and for treatment of Gram negative bacterial infection, 
particularly meningococcal infection, demonstrating a 
broad spectrum of protection to a number of different 
bacterial pathogens. Methods for preparation of these 
compositions and their uses in vaccination against dis- 
ease are further provided. 
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Description 

[0001] The present invention relates to a multicompo- 
nent vaccine and methods for preparing a multicompo- 
nent vaccine that confers protective immunity to a broad 
spectrum of infection by Gram negative pathogens. In 
particular the present invention relates to a multicompo- 
nent vaccine that provides both passive and active pro- 
tective immunity to meningococcal disease. 
[0002] Meningococcal meningitis is a major problem 
worldwide and in many countries incidence of infection 
is increasing. Neisseria meningitidis is the causative 
agent of the disease and is also responsible for menin- 
gococcal septicaemia, which is associated with rapid 
onset and high mortality, with around 22% of cases prov- 
ing fatal. 

[0003] At present, vaccines directed at providing pro- 
tective immunity against meningococcal disease pro- 
vide only limited protection because of the many differ- 
ent strains of N. meningitidis. Vaccines based upon the 
serogroup antigens, the capsular polysaccharides, offer 
only short lived protection against infection and do not 
protect against many strains commonly found in North 
America and Europe. A further drawback of these vac- 
cines is that they provide low levels of protection for chil- 
dren under the age of 2 years, one of the most vulner- 
able groups that are commonly susceptible to infection. 
[0004] The meningococcal transferrin receptor is 
made up of two types of component protein chain, 
Transferrin binding protein A (TbpA) and TbpB. The re- 
ceptor complex is believed to be formed from a dimer of 
TbpA which associates with a single TbpB (Boulton et 
al. (1998)). Epitopes present in TbpA are known to be 
masked within the interior of the protein (Ala'Aldeen 
(1996)). Vaccines against meningococcal meningitis 
based on TbpB from one strain alone show some cross 
reactivity and there is evidence of a cross-reactive im- 
mune response in rabbits immunised with TbpB alone 
(Feirreros et al. (1998)). 

[0005] Gomez ef a/ (Vaccine Vol. 16 (1998) No. 17 pp. 
1 633-1 639) describes a study on the effects of a number 
of different adjuvant compositions in vaccines compris- 
ing TbpA + TbpB complex. Immunization rates against 
meningococcal challenge were highest in compositions 
comprising TbpA+TbpB and RAS adjuvant. 
[0006] Ala'Aldeen (J. Med. Microbiol. Vol. 44 (1996) 
pp. 237-243) provides a review of Tbps of N. meningi- 
tidis and their potential use as candidate vaccine anti- 
gens. Ala'Aldeen suggests that cross reactivity and 
broad spectrum protection is mainly associated with the 
TbpB subunit (page 240, third paragraph). 
[0007] Gorringe et al (Vaccine Vol. 13 (1995) No. 13 
pp. 1 207-1 21 2) describes the human antibody response 
to Tbps and evaluates their value as vaccine antigens 
by testing human sera for anti-Tbp antibodies. Gorringe 
et al does not describe the components of any such vac- 
cine, but investigates the levels of antibody cross reac- 
tivity between purified TbpA and TbpB subunits and Tb- 



pA + B complex. 

[0008] Boulton et al (Biochem. J. (1998) 334 pp. 
269-273) describes the isolation and characterisation of 
TbpB from N. meningitidis and also postulates the 
s make-up of the Tbp complex in vivo as a TbpA dimer 
plus TbpB monomer. 

[0009] It would be of advantage, nevertheless, to pro- 
vide a vaccine that gives a broader range of protective 
immunity to infection from a wider spectrum of strains 
10 of N. meningitidis. It would be of further advantage to 
provide a vaccine that confers' protective immunity to 
infants as well as adults and whose protection is long 
term. It would also be of advantage to provide a vaccine 
that protects against sub-clinical infection, i.e. where 
is symptoms of meningococcal infection are not immedi- 
ately apparent that the infected individual may act as a 
carrier of the pathogen. 

[0010] It is an object of the present invention to pro- 
vide compositions containing Tbps, and vaccines based 
thereon, that meet or at least ameliorate the disadvan- 
tages in the art. In particular, it is an object of the inven- 
tion to provide a vaccine composition that consistently 
and reliably induces protective immunity to meningo- 
coccal infection. 

[001 1 ] Accordingly, a first aspect of the present inven- 
tion provides a composition comprising both transferrin 
binding proteins A (TbpA) and B (TbpB), suitably in a 
molar ratio of about 2:1 (TbpA:TbpB). In a preferred em- 
bodiment of the present invention the molar ratio of Tb- 
pA to TbpB is 2:1. 

[0012] The composition may be combined with a 
pharmaceutically acceptable carrier - for example the 
adjuvant alum although any carrier suitable for oral, in- 
travenous, subcutaneous, intraperitoneal or any other 
route of administration is suitable - to produce a phar- 
maceutical composition for treatment of meningococcal 
disease. 

[0013] The present invention thus provides for a vac- 
cine comprising both TbpA+B proteins, preferably with 
a molar ratio of between 1 ,8 and 2.2 molecules of TbpA 
to one molecule of TbpB, more preferably 2 molecules 
of TbpA to one of TbpB. This particular combination of 
components, surprisingly, can provide higher protective 
immunity to meningococcal infection, compared to vac- 
cination with TbpB alone. In a specific embodiment of 
the invention, described in more detail below, a 1 :1 com- 
bination of A:B is more protective against challenge than 
B alone. This is surprising as TbpA has previously been 
considered to be non-protective. The present results dif- 
fer from this established view with some experiments 
(described in more detail below) showing that, when ad- 
ministered as a vaccine, TbpA is also able to provide 
protective immunity to meningococcal infection. Howev- 
er, the present results most strikingly demonstrate the 
consistent performance of vaccines that comprise both 
Tbps A and B compared to those comprising Tbp A or 
B alone. It is this lack of variability between compositions 
and the consistently high level of protection to infection 
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induced in response to vaccination with Tbp A+B, that 
enables the compositions of the invention to demon- 
strate significant advantage over the vaccines of the pri- 
or art. 

[0014] Transferrin binding proteins are known to be 
located on the outer membranes of a number of Gram 
negative bacteria such as N. meningitidis. Formulations 
of the composition of the present invention with conven- 
tional carriers or adjuvants provide a composition for 
treatment of infection by these bacteria. 
[0015] It is an advantage that following administration 
of a composition according to the present invention an- 
tibodies may be raised against epitopes that consist of 
sequences from TbpA and TbpB in juxtaposition. Thus, 
the immune response obtainable using such a compo- 
sition may be improved compared with that from prior 
art vaccine compositions which comprise only one com- 
ponent of the Tbp complex and in which the full range 
of potential Tbp epitopes are unavailable. It is a further 
option in the present invention for one Tbp subunit com- 
ponent of the TbpA + B complex to be from a first strain 
of N. meningitidis and another from a second strain dif- 
ferent from the first. For example, the TbpA dimer is tak- 
en from the first strain and the TbpB is from the second. 
The TbpA and TbpB proteins may be selected inde- 
pendently from strains K454, H44/76 and B16B6. In all 
aspects of the invention the Tbps can be directly isolated 
from the bacterial source or can be produced by recom- 
binant methods commonly known in the art. Combina- 
tions of proteins from other strains are also envisaged, 
and the combining of components from different strains 
of bacteria offers the potential for providing an individual 
with a broader spectrum of protection against meningo- 
coccal infection. It is further optional for a composition 
or vaccine of the invention to contain a mixture of A pro- 
teins from different strains or a mixture of B proteins from 
different strains, broadening further the potential spec- 
trum of protection conferred by the invention. A still fur- 
ther option is for Tbps to be obtained from or derived 
from other bacteria, including N.gonorrhoeae, N.iactam- 
ica and Moraxella catarrhalis. 
[0016] In the present invention, the term "transferrin 
binding protein" or "Tbp" refers to a protein which either 
alone binds to transferrin or can be part of a complex of 
proteins that binds transferrin. The term also embraces 
fragments, variants and derivatives of such a protein 
provided that antibodies raised against the fragment, 
variant or derivative bind the protein. Thus, TbpA and 
TbpB either dissociated or associated into a complex 
are considered to be Tbp. Moreover, mutants, fusion 
proteins or fragments of either TbpA or B or other deriv- 
atives of the TbpA +B complex with acommon antigenic 
identity are also considered to be represented by the 
term Tbp in the present invention. 
[0017] A second aspect of the invention provides a 
composition comprising a complex of two TbpAs and 
one TbpB. The proteins are thus held together in the 
ratio seen in the native receptor. The individual proteins 



4 

may be linked, for example, by hydrogen bonds or cov- 
alent bonds. In the latter case, each TbpA is covalently 
linked to the TbpA, either directly or indirectly. In a pre- 
ferred embodiment, the complex of TbpA and TbpB as- 
s sumes a native configuration. 

[001 8] A native TbpA+B complex may be isolated and 
purified from N. meningitidis. Alternatively, the invention 
also provides for synthesis of recombinant Tbp protein 
followed by assembly of the TbpA + B complex in vitro. 
10 The TbpA + B complex may be formed by admixture, or 
may be crosslinked by physical (e.g. UV radiation) or 
chemical methods known to the art, resulting in a com- 
bination of Tbps that will remain together and can not 
dissociate from each other. In a further example, a single 
15 chain recombinant protein comprising two TbpA se- 
quences, preferably in the form of the TbpA dimer, is 
then covalently linked with TbpB protein to form a com- 
plete TbpA+B complex in vitro. Another example of the 
invention in use provides that TbpA and B are mutated 
so as to introduce cysteine residues that facilitate the 
formation of disulphide bridges between the TbpA and 
TbpB subunits, so as to obtain a covalently bound com- 
plex. 

[0019] In preparation of a recombinant protein TbpA 
and TbpB genes may also be truncated so that only 
those domains known to contribute to the antigenicity of 
the protein are incorporated in the Tbp complex. 
[0020] In some compositions of the invention the Tb- 
pA + B complex is able to act as a transferrin receptor 
and binds to human transferrin. In other compositions 
of the invention the TbpA + B complex is non-functional 
in the sense that it does not bind transferrin, but it nev- 
ertheless provides an antigenic component that elicits 
an appropriate immune response. 
[0021] A third aspect of the invention provides for a 
composition comprising a Tbp and N. meningitidis outer 
membrane vesicles. An advantage of this composition 
is that when administered to a vaccinee or patient it 
presents a different combination of N. meningitidis an- 
tigens, and particularly antigens that are in a formation 
substantially as present on the membrane of live infect- 
ing organisms. The combination offers the potential for 
a more effective protection against infection or a broader 
spectrum of protection than existing vaccines. Known 
methods of outer membrane vesicle isolation, such as 
by desoxycholate treatment, are suitable for preparation 
of compositions of the invention. In various preferred 
embodiments the Tbp is Tbp A, Tbp B or TbpA + B either 
in a native complex or in dissociated form. 
[0022] The outer membrane vesicles may further be 
pretreated in vitro with Tbp so as to enrich the vesicle 
membrane with Tbp. By "enrich" and like terms, we refer 
to an outer membrane vesicle to which has been added 
Tbps so as to increase the concentration or density of 
Tbps in that vesicle. Preferably, the enrichment results 
in an outer membrane vesicle having an increased 
number of transferrin receptors located in the mem- 
brane, due to an increased concentration of TbpA and 
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TbpB following their addition to the vesicle and their as- 
sociation into receptors or receptor-like structures. A 
particular advantage of such embodiments of the inven- 
tion is that the Tbps, regarded as key antigenic compo- 
nents of the vaccine, are presented in a highly antigenic 
environment that closely mimics the environment in 
which transferrin receptors are presented on live, infect- 
ing bacteria. 

[0023] As mentioned previously, the Tbp components 
of the composition need not be wild-type Tbps. They can 
be made recombinantly, and in so doing sequence al- 
terations may be introduced. In one typical example of 
the invention, recombinant TbpB is modified so as to 
comprise a membrane binding domain. A preferred 
membrane spanning domain is a hydrophobic alpha hel- 
ical region added to either the N or C terminus of the 
Tbp B protein. However, a membrane anchoring region 
need not only be an alpha helix, addition of a fatty acid 
or lipid chain would also facilitate membrane anchoring. 
In fact, wild type TbpB is believed to anchored to the 
bacterial outer membrane via such a lipid chain anchor. 
In a further example of the invention in use, the outer 
membrane vesicles are pretreated in vitro with mem- 
brane binding recombinant TbpB so as to enrich the ves- 
icle membrane with TbpB. OM Vs enriched with Tbps are 
additionally generated by inducing high levels of Tbp ex- 
pression in N. meningitidis and then isolating OMVs via 
one of the methods described previously. This latter 
method is typically achieved by transforming the N. men- 
ingitidis host with a suitable expression vector into which 
has been inserted a gene or genes encoding the Tbps 
of choice. Suitable expression vectors for use in neis- 
seria! species include the plasmid pMGC 10 (Nassif et 
al. (1991)). 

[0024] It is preferred that the composition of the 
present invention comprises outer membrane vesicles 
and TbpA+B complexes isolated from a range of differ- 
ent strains of N. meningitidis. Other preferred composi- 
tions of the invention comprise other N. meningitidispro- 
teins including surface antigens, periplasmic proteins, 
superoxide dismutase and glycoproteins. 
[0025] The composition of the third aspect of the in- 
vention may instead of or in addition to outer membrane 
vesicles comprise one or more liposomes, each lipo- 
some including TbpA and / or TbpB preferably including 
TbpA and TbpB associated into a receptor or into a re- 
ceptor-like complex. Thus a further means of presenting 
the transferrin receptor antigens is provided. 
[0026] In a further embodiment of the third aspect of 
the invention, the composition comprises 22 kD antigen 
(Neisserial surface protein A (NspA)) as well as or in- 
stead of outer membrane vesicles. NspA and its prepa- 
ration are described by Martin et al, 1997. 
[0027] A fourth aspect of the invention provides for a 
vaccine comprising a composition of the invention as 
described above. A vaccine of the invention may also 
comprise antibodies to Tbp and thus provide a level of 
passive immunity to bacterial infection. 



[0028] A fifth aspect of the invention provides for a 
method of manufacturing a composition that comprises 
combining TbpA, TbpB and N. meningitidis outer mem- 
brane vesicles with a pharmaceutical ly acceptable car- 

5 rier. It is preferred that the molar ratio of TbpA to TbpB 
is about 2:1 . The outer membrane vesicles can be pre- 
treated in vitro with native TbpA + B so as to enrich the 
vesicle membrane with Tbp complex. However, the out- 
er membrane vesicles may also be pretreated with other 

10 protein components so as to enrich them for these an- 
tigenic components also. The outer membrane vesicles 
may also be pretreated with antigenic proteins and pro- 
teoglycans from several different strains of N. meningi- 
tidis. 

15 [0029] A further aspect of the invention provides for a 
composition comprising a Tbp and a Cu,Zn-Superoxide 
dismutase (Cu,Zn-SOD). 

[0030] Cu,Zn-Superoxide Dismutase (Cu.Zn-SOD) is 
an metalloenzyme found in many prokaryotic and eu- 
karyotic organisms. It catalyses the reduction of the su- 
peroxide radical anion, 0 2 ", to hydrogen peroxide and 
molecular oxygen, thus playing an important role in the 
removal of cytotoxic free radicals from the organism. In 
bacteria Cu,Zn-SODs have been identified in the peri- 
plasm of a number of Gram negative species including 
N. meningitidis. The enzyme can exist as a dimer or a 
monomer, and accordingly in a preferred embodiment 
the present invention provides for a composition com- 
prising a Tbp and a Cu.Zn-SOD of the dimeric type. 
[0031] As mentioned previously with regard to the use 
of the term "Tbp", the Cu.Zn-SOD of the present inven- 
tion is also considered to encompass fragments, vari- 
ants and derivatives of such a protein provided that an- 
tibodies raised against the fragment, variant or deriva- 
tive bind the wild type Cu.Zn-SOD. 
[0032] In examples of the invention in use, composi- 
tions are provided that comprise a Cu,Zn-SOD and ei- 
ther a TbpA, a TbpB or a TbpA + B complex. In the latter 
example it is preferred that the molar ratio of TbpA to 
Tbp B is between 1.8 and 2.2, with the most suitable 
compositions having a ratio of 2:1 (TbpA:TbpB). In fur- 
ther compositions of the invention the Tbps are from a 
different strain of N. meningitidis to that of the Cu, 
Zn-SOD, thus facilitating the formation of a broader 
spectrum of immune response to meningococcal infec- 
tion. 

[0033] The invention also provides for compositions 
wherein the Tbps and Cu,Zn-SOD are from different 
bacterial species, typically different Gram negative spe- 
cies. Such compositions thereby allow an even broader 
spectrum of immune response to be elicited when ad- 
ministered as a vaccine. Typical compositions comprise 
a neisserial TbpA+B complex as well as a monomeric 
Cu.Zn-SOD - from E.coii for example - and optionally a 
further dimeric Cu,Zn-SOD - for example from Haemo- 
philus parainiiuenzae. 

[0034] Other aspects of the invention provide for 
methods of manufacturing compositions that provide 
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protective immunity to Gram negative bacterial infec- 
tion, comprising combining a covalently linked complex 
of TbpA and TbpB with either or both of N. meningitidis 
outer membrane vesicles and a Cu.Zn-SOD plus a phar- 
maceutical^ acceptable carrier. 
[0035] A still further aspect of the invention provides 
for a composition comprising Tbps and outer membrane 
vesicles, wherein the outer membrane vesicles are from 
different strains of N. meningitidis. By analogy, the in- 
vention also provides for compositions comprising Tbps 
and a Cu,2n-SOD, wherein the Tbps are from different 
strains of N. meningitidis. 

[0036] A further aspect provides for use of Tbps A and 
B in the manufacture of a medicament for human vac- 
cination. It is preferred that such a medicament is suit- 
able for vaccination against meningococcal infection, al- 
though some compositions of the invention provide 
broad spectrum protection to infection from a wider 
range of bacterial pathogens. 
[0037] The embodiments of the invention are dis- 
cussed in more detail by means of the Example de- 
scribed below. The results referred to in the Example 
are illustrated by the accompanying drawings, in which: 

Fig.1 shows immunisation of mice with TbpA + B 
and outer membrane vesicles; 

Fig.2 shows immunisation of mice with TbpA + B; 

Fig.3 shows protection of mice against IP infection 
after immunisation with TbpA + B, isolated TbpA or 
isolated TbpB; 

Figs.4A and 4B show protection of mice against 
meningococcal infection following immunisation 
with either neisserial TbpA + B, TbpB or TbpA (nT- 
bps) or recombinant Tbps (rTbps); 

Figs.5A and 5B show protection of mice against 
challenges of 10 6 and 10 7 organisms/mouse of N. 
meningitidis strain K454 respectively, following im- 
munisation with recombinant TbpA + B, TbpB orTb- 
pA; 

Fig.6 shows protection against challenge with het- 
erologous serogroup; and 

Fig.7 shows protection against challenge with 
B16B6 

Example 

Mouse protective data 

[0038] Mice (CAMR-NIH) were immunised with Tbps 
and /or outer membrane vesicles and challenged with 
either the homologous or a heterologous meningococ- 
cal strain. Survivors per group of mice immunised with 



Tbps from strain K454 and the outer membrane vesicle 
vaccine following challenge by strain K454 are shown 
in Fig. 1 . Compared to Tbps, the outer membrane ves- 
icle vaccine gave reduced protection but this may be be- 

5 cause it is produced from a different group B strain 
(H44/76). Animals immunised with TbpA + B isolated 
from strain K454 were also protected against challenge 
with other serogroup B organisms (Fig. 1), with greater 
protection seen with the homologous strain and strains 

io expressing a TbpB with a similar molecular weight. Little 
or no protection was observed against challenge with 
meningococci possessing TbpB with a very different 
molecular weight (strain B1 6B6). With the heterologous 
challenge strains, there is a slightly greater number sur- 

15 vivors in the groups vaccinated with the combination of 
Tbps + outer membrane vesicles. However, the num- 
bers involved are small and no definite conclusions can 
be reached. It is interesting to observe that mice immu- 
nised with TbpA + B from strain K454 were also protect- 

20 ed against infection with a serogroup C but not a sero- 
group A strain (Fig. 2). 

[0039] Protection against challenge with strain K454 
with mice immunised with co-purified TbpA + B and iso- 
lated TbpA and TbpB is shown in Fig. 3. It can be seen 
25 that TbpB is the predominant antigen responsible for 
protection, with little protection afforded by TbpA alone. 

Recombinant TbpA and TbpB 

30 [0040] TbpA and TbpB from N. meningitidis strain 
K454 were cloned and overexpressed in £ coii. The 
proteins were purified using affinity chromatography 
and used to determine their protective potency in a 
mouse model of meningococcal disease. Recombinant 

35 Tbps showed equivalent protection to that provided by 
Tbps isolated from iron-stressed N. meningitidis (Figs. 
4A and 4B). These recombinant Tbps were also utilised 
in two further larger IP challenge experiments (Figs. 
5A-B). 

40 [0041] The strong and consistent protective potency 
of Tbps against mouse LP. infection with N. meningitidis 
is probably the most compelling evidence for their vac- 
cine potential. 

[0042] Interestingly, the results shown in Figs. 4B and 
45 5A-B, although arising from experiments of similar de- 
sign, show the surprising variability associated with vac- 
cine compositions that depend solely upon either TbpA 
or TbpB alone. In Fig. 4B the recombinant TbpA com- 
position displayed low levels of protection compared to 
so TbpB or TbpA + B. However, in Figs. 5A and 5B the re- 
combinant TbpA vaccine composition that showed high 
levels of protection comparable to the TbpA+B complex 
and the TbpB alone composition demonstrated poor 
protection to infection. This latter result is completely 
55 contrary to the teaching of the prior art. 
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Human immune response to TbpA and TbpB in 
convalescent sera 

[0043] We have undertaken a number of studies look- 
ing at the antibody response in humans to TbpA and 
TbpB following meningococcal disease. The general 
conclusions are that both TbpA and TbpB are expressed 
during meningococcal disease and that an immune re- 
sponse is raised against them. The response is func- 
tional (opsonic) and is more cross-reactive between dif- 
ferent meningococcal strains than is the response in- 
duced by immunisation of animals with Tbps. The im- 
mune response to TbpA appears to be stronger and 
more cross-reactive than that to TbpB, confirming the 
importance of the vaccine potential of TbpA. 

TbpA and TbpB form a transferrin receptor 

[0044] Our structural studies indicate that the trans- 
ferrin receptor on the meningococcal surface consists 
of two TbpA molecules and one TbpB molecule that act 
together. 

Effect of a Vaccine containing A + B Tbps 

[0045] We carried out further tests of the efficacy of 
recombinant TbpB versus recombinant TbpA+B con- 
taining vaccine formulations against challenge from N. 
meningitidis strains L91 705 and B16B6, the results of 
which are illustrated in Figs 6 and 7 respectively. In both 
cases some improved protection was conferred by A+B 
compared to B alone. 

References: 
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Claims 

1. A composition comprising N.meningitidis outer 
membrane vesicles, wherein said outer membrane 
vesicles are enriched with at least one antigenic 
component. 

2. A composition according to Claim 1 , wherein said 
antigenic component is an N.meningitidis antigenic 



protein. 

3. A composition according to any of Claims 1 or 2, 
wherein said outer membrane vesicles are from a 

s first strain of N.meningitidis and said antigenic com- 
ponent is from a second strain of N.meningitidis dif- 
ferent from the first. 

4. A composition according to any previous Claim, 
10 wherein said outer membrane vesicles are enriched 

with a plurality of antigenic components from differ- 
ent strains of N.meningitidis. 

5. A composition according to any previous Claim, 
is wherein said outer membrane vesicles comprise a 

mixture of outer membrane vesicles from different 
strains of N.meningitidis. 

6. A composition according to Claim 1, wherein said 
20 antigenic component is an N.meningitidis antigenic 

proteoglycan. 

7. A composition according to any of Claims 1-5, 
wherein said antigenic component is an N.meningi- 

25 tidis protein selected from a surface antigen, a peri- 
plasms protein, a superoxide dismutase, or a glyc- 
oprotein. 

8. A composition according to Claim 1 , wherein said 
30 antigenic component is selected from Cu.Zn-super- 

oxide dismutase or neisserial surface protein A 
(NspA). 

9. A composition according to any of Claims 2-8, 
35 wherein said outer membrane vesicles are from a 

first strain of N.meningitidis and said antigenic com- 
ponent is from a second strain of N.meningitidis dif- 
ferent from the first, further comprising a pharma- 
ceutical^ acceptable carrier. 

40 

1 0. A vaccine composition comprising outer membrane 
vesicles from a first strain of N.meningitidis, as well 
as an antigenic component from a second strain of 
N.meningitidis different from the first, and a phar- 

45 maceutically acceptable carrier. 

1 1 . A composition according to Claim 10, wherein said 
antigenic component is an N.meningitidis protein 
selected from a surface antigen, a periplasmic pro- 

50 tein, a superoxide dismutase, or a glycoprotein. 

12. A method of manufacture of a composition, com- 
prising:- 

55 (a) extracting an antigenic component from an 

outer membrane of a bacteria, and preparing 
an aqueous solution of said antigenic compo- 
nent; 
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(b) extracting outer membrane vesicles from a 
culture of N. meningitidis, and preparing an 
aqueous solution of said outer membrane ves- 
icles; 

(c) obtaining a pharmaceutical^ acceptable 
carrier; and 

(d) admixing the solution prepared in step (a), 
the solution prepared in step (b) and the carrier 
obtained in step (c). 

13. A method according to Claim 12, wherein said an- 
tigenic component is from a first strain of N.menin- 
gitidis, and said outer membrane vesicles are from 
a second strain of N.meningitidis different from the 
first. 

14. A method according to Claim 13, wherein said 
strains of N.meningitidis are selected from K454; 
H44/76; or B16B6. 

1 5. A method according to any of Claims 12-14, where- 
in said antigenic component is an N.meningitidis 
antigenic protein. 

1 6. A method according to any of Claims 12-14, where- 
in said antigenic component is an N.meningitidis 
antigenic proteoglycan. 

17. A method according to any of Claims 12-15, where- 
in said antigenic component is an N.meningitidis 
protein selected from a surface antigen, a periplas- 
ms protein, a superoxide dismutase, or a glycopro- 
tein. 

18. A method according to Claim 17, wherein said an- 
tigenic component is either Cu.Zn-superoxide dis- 
mutase; or neisserial surface protein A (NspA) 

19. A method of manufacture of a composition, com- 
prising:- 

(a) recombinantly expressing a DNA that en- 
codes an antigenic component in a bacteria; 

(b) extracting said antigenic component from 
the outer membrane of said bacteria, and pre- 
paring an aqueous solution of said antigenic 
component; 

(c) extracting outer membrane vesicles from a 
culture of N.meningitidis, and preparing an 
aqueous solution of said outer membrane ves- 
icles; 

(d) obtaining a pharmaceutical^ acceptable 
carrier; and 

(e) admixing the solution prepared in step (b), 
the solution prepared in step (c) and the carrier 
obtained in step (d). 

20. A method according to Claim 1 9, wherein said bac- 



teria is a strain of N.meningitidis. 

21. A method of manufacture of a composition, com- 
prising:- 

5 

(a) recombinantly expressing a DNA that en- 
codes an antigenic component in N.mening'h 
tidis; 

(b) extracting outer membrane vesicles from 
10 said N.meningitidis, and preparing an aqueous 

solution of said outer membrane vesicles, 
wherein said outer membrane vesicles com- 
prise said antigenic component; 

(c) obtaining a pharmaceutical ly acceptable 
15 carrier; and 

(d) admixing the solution prepared in step (b), 
with the carrier obtained in step (c). 

22. A method according to any of Claims 1 9-21 , where- 
to in said antigenic component is an N.meningitidis 

protein selected from a surface antigen, a periplas- 
mic protein, a superoxide dismutase, and a glyco- 
protein. 

25 23. A method according to Claim 22, wherein said an- 
tigenic component is an N.meningitidis protein se- 
lected from either Cu.Zn-superoxide dismutase or 
neisserial surface protein A (NspA). 

30 24. Use of a composition comprising N.meningitidis 
outer membrane vesicles, wherein said outer mem- 
brane vesicles are enriched with at least one anti- 
genic component, in the manufacture of a medica- 
ment for preventing meningococcal infection in an 

35 animal. 

25. Use according to Claim 24, wherein said antigenic 
component is an N.meningitidis antigenic protein. 

^o 26. Use according to any of Claims 24 and 25, wherein 
said outer membrane vesicles are from a first strain 
of N.meningitidis and said antigenic component is 
from a second strain of N.meningitidis different from 
the first. 

45 

27. Use according to any of Claims 24-26, wherein said 
antigenic component is an N.meningitidis protein 
selected from a surface antigen, a periplasmic pro- 
tein, a superoxide dismutase, and a glycoprotein. 

50 

28. Use according to any of Claims 24-26, wherein said 
medicament is for preventing infection in a human. 

55 



7 



EP 1 297 844 A2 



CHALLENGE K454 



N 



\ 



\ 
\ 
\ 
\ 

1. 



i 



\ 

\ 

\ 

\ 

\ 
\ 



CHALLENGE H44/76 



* 






\ 






\ 




\ 




\ 




\ 




\ 




\ 






• 





cr 





\ 


\ 


\ 




\ 


\ ■ 


- \ 


\ 


\ 




^ 



□ 10 6 

□ 10 8 



□ 10 6 

□ 10 e 



CHALLENGE 07666 



N 



\ 



r 



□ 10 6 

□ 10 8 



8 



EP 1 297 844 A2 



CHALLENGE K454 





5n 


to 


A 

4- 


cc 




OAI 


3- 


RVI 


2- 


ZD 


1- 


w 




o- 




NONE 




□ 10' 



K454 Tbps 
□ 10 8 



FIG. 2 



5n 



to 4 
cc 

O 3 
> 

DC 2 

to 1 



CHALLENGE GN (GROUP C) 





NONE 



□ 10 ( 



K454 Tbps 
□ 10 8 



CHALLENGE L93 3215 (GROUP A) 





5-i 


to 


4- 


DC 




OAI 


3- 




2- 




1 - 


to 




o- 




NONE 
□ 10 ( 



K454 Tbps 
□ 10 8 



9 



EP 1 297 844 A2 





CO 

g 

LL 




i 1 1 1 r 

m ^ n cm i- 

SHOAIAdnS 



* 

CD 

+ 

< 
ci 



CD 

a 

JQ 



LU 

< 2 



LU 

z 

o 



Q 
UJ 

z 

QQ 

o 
o 

Lil 

to 
a 

< 

D 
Q 



CO 

o 



□ 



to 

o 



0 



10 



EP 1 297 844 A2 




11 



EP 1 297 844 A2 




EP 1 297 844 A2 




EP 1 297 844 A2 





15 




16 



